Wprowadzenie: Chirurgia endoskopowa (ESS) zatok przynosowych stanowi terapię z wyboru u pacjentów z przewlekłym zapaleniem zatok przynosowych (PZZP) w przypadku niepowodzenia leczenia zachowawczego. Dzięki ESS uzyskuje się zmniejszenie nasilenia większości objawów PZZP, jednak wpływ leczenia chirurgicznego na funkcję węchu pozostaje niepewny.
INTRODUCTION
According to the European Position Paper on Rhinosinusitis and Nasal Polyps (EPOS2012), loss of smell is one of the four signs and symptoms used to diagnose rhinosinusitis [1] . Chronic rhinosinusitis (CRS) accounts for 14-30% of olfactory dysfunction cases [2] . The treatment of choice for patients with CRS refractory to medical therapy is endoscopic sinus surgery (ESS) [1] . Although ESS successfully reduces most symptoms of CRS, its effect on olfaction is always uncertain as it may restore smell in some patients and worsen it in others [3] [4] [5] [6] .
In many patients, anosmia or hyposmia is the most burdensome symptom of CRS. Loss of smell not only decreases the pleasure of eating by reducing the ability to enjoy the flavor of food. It is also known to influence the quality of life due to its role in triggering of emotions and memories [7] . For some patients the sense of smell is vital because of their profession (cooks, wine merchants) [8] . Anosmia may even occur to be life-threatening, as it impairs the warning system that detects spoiled food, gas or smoke [8] [9] [10] .
The pathogenesis of olfatory dysfunction in CRS is poorly understood and apparently multifactorial. Most probably loss of smell in CRS may be caused by two independent mechanisms: conductive and sensorineural [2] . The conductive olfactory dysfunction occurs due to decreased airflow to the olfactory cleft caused by mechanical obstruction (oedema, polyps, etc.). Hyposmia secondary to these factors is susceptible to treatment and tends to decrease after surgery. Sensorineural olfactory dysfunction is believed to be induced by inflammation and damage to the olfactory neuroepithelium [11, 12] . The latter hypothesis is supported by good clinical response to systemic corticosteroids in some patients who remained anosmic after surgery that eliminated the possible conductive causes of symptoms [13] . However, sensorineural loss of smell may be refractory to all forms of surgical as well as medical therapy.
The aim of this study is to assess the influence of sinus surgery on olfaction and to analyze the predictors of: (1) olfactory impairment in patients with CRS before surgery, (2) poor olfactory function despite surgery, (3) improvement or deterioration of olfaction after surgery.
MATERIALS AND METHODS
The study group comprised of 153 randomly selected patients with CRS (85 women and 69 men) who underwent ESS in the Department of Otolaryngology, UJ CM in Krakow. The inclusion criteria were: (1) diagnosis of CRS according to EPOS2012 criteria, (2) CRS refractory to medical treatment and therefore requiring surgery, (3) informed consent of the patient (or patient's parent) to participate in the study. Exclusion criteria were: (1) cystic fibrosis, (2) Wegener's granulomatosis, (3) diagnosis of a disease other than CRS in the postoperative histopathological examination (e.g. neoplasia).
Patients were asked to rate their olfactory dysfunction in a questionnaire on a scale from 0 to 3 (0 -no dysfunction or normosmia, 1 -mild dysfunction, 2 -moderate dysfunction, 3 -severe dysfunction or anosmia). Jiang et al. showed that a good correlation exists between this symptom score and a well-validated, widely used objective test -the University of Pennsylvania Smell Identification Test (UPSIT) [14] .
Further questions in the questionnaire considered the severity of other CRS symptoms (nasal congestion, nasal discharge, etc.) scored similarly 0-3, the overall severity of CRS symptoms scored 0-10 on the visual analogue scale (VAS), and the duration of symptoms. The questionnaire was filled in before surgery, 3-6 months after surgery, and approximately 12 months after surgery. Additional data collected for the study included information from anamnesis (age, gender, prior surgery, smoking, concomitant asthma, allergy, aspirin intolerance -AIA, Cel pracy: Celem pracy była ocena wpływu chirurgii endoskopowej na funkcję węchu i analiza czynników warunkujących stan węchu przed zabiegiem i po nim w kontekście przeglądu literatury.
Materiał i metoda:
Grupę badaną stanowiło 153 pacjentów z PZZP, u których leczenie zachowawcze okazało się nieskuteczne. Pacjenci oceniali swój węch przed ESS, 3-6 miesięcy po ESS (121 chorych) i 12 miesięcy po ESS (58 chorych). Analiza statystyczna dotyczyła pooperacyjnej poprawy węchu oraz wpływu różnych czynników klinicznych na funkcję węchu przed i po zabiegu.
Wyniki i wnioski:
Po ESS zanotowano istotną poprawę węchu u operowanych pacjentów. Upośledzenie węchu przed zabiegiem było zależne od odmiennych czynników, niż miało to miejsce po zabiegu. Pacjenci, u których przed zabiegiem stwierdzono znaczą dysfunkcję węchu oraz zaawansowane zmiany zapalne w jamie nosa i zatokach przynosowych (w tym polipy nosa), zgłaszali największą poprawę po leczeniu operacyjnym. Jednakże u pacjentów z bardzo nasiloną hyposmią, polipami nosa, astmą i nadwrażliwością na niesteroidowe leki przeciwzapalne, a także pacjenci w starszym wieku, notowano gorszą funkcję zmysłu węchu po zabiegu operacyjnym.. SŁOWA KLUCZOWE: węch, chirurgia endoskopowa, wyniki, przewlekłe zapalenie zatok przynosowych, anosmia, hyposmia, normosmia artykuł oryginalny / original research article gastroesophageal reflux disease -GERD), laryngological examination supplemented by intraoperative endoscopic evaluation (presence of septal deviation or polyps) and preoperative computed tomography (scored 0-24 according to the Lund-Mackay grading system [15] ). According to the EPOS 2012 definition, nasal polyps were described as "present" if they were bilaterally visualized in the middle nasal meatus. The size of polyps was bilaterally rated as follows: 0 -absent, 1 -visible in the middle meatus, 2 -extending beyond the middle meatus. Postoperatively, the histopathological specimen was evaluated for the predominance of eosinophils versus other inflammatory cells.
All 153 patients underwent endoscopic sinus surgery under general anesthesia. Postoperative treatment was tailored to the patients' individual needs, depending on the symptoms, concomitant diseases and endoscopic findings. It included sinus debridement, nasal lavage, topical and/or oral steroids, antibiotics, mucolytics, decongestants, antihistaminics, and proton pump inhibitors.
As not all 153 patients who completed the questionnaires before surgery presented to follow-up at both time points, for the analyses of postoperative olfactory function the patients were divided into two separate subgroups: (I) 121 patients examined before surgery and 3-6 months after surgery, (II) 58 patients examined before surgery and 12 months after surgery. Detailed information about the study groups is provided in Table I .
The study was approved by the Jagiellonian University Bioethics Committee.
STATISTICAL ANALYSIS
Statistical analyses were conducted using the Statistica 7.0 software. To calculate the differences between preoperative and postoperative olfactory scores, the Wilcoxon signed-rank test was used. To determine the relationship between olfactory dysfunction and various predictors we used Spearman's rank correlation, Mann-Whitney, chi 2 and chi 2 with Yates' correction tests where appropriate. A P value of <0.05 was considered statistically significant.
RESULTS

Influence of sinus surgery on olfaction
The olfactory function after ESS was assessed separately in two groups of patients: (I) 121 patients who completed a 3-6 month follow-up and (II) 58 patients who completed a 12-month follow-up.
Statistically significant improvement in olfactory function was noted in both groups of patients (Wilcoxon signed-rank test artykuł oryginalny / original research article 3-6 months after surgery: P<0.000001, 12 months after surgery P= 0.00355) -see Fig. 1 and Fig. 2 . There was no statistically significant difference of smell impairment between the two time points of the follow-up. Fig. 3 shows that the percentage of anosmic patients increased after surgery while the percentage of subjects with severe olfactory impairment decreased. However, some patients remained anosmic.
Predictors of olfactory impairment in patients with CRS before surgery
Statistical analysis revealed numerous statistically significant predictors of olfactory dysfunction in the preoperative study group (Table II) .
The presence and size of nasal polyps was an important predictor of smell impairment.-see Fig. 4 . Similar correlation was found between the sense of smell and the preoperative Lund-Mackay CT score. These findings indicate that patients with larger polyps and more extensive pathological changes in the sinuses and ostiomeatal complex reported worse olfactory function.
There was also a significant correlation between self-reported nasal congestion and impaired sense of smell. The olfactory dysfunction was positively correlated with the overall severity of symptoms on the VAS score but no correlation with symptoms other than nasal congestion was found.
Worse smell scores were noted in elderly individuals, patients with predominant eosinophilic infiltrates in the sinonasal mucosa, patients with asthma and aspirin intolerace.
The influence of prior surgery on the sense of smell was equivocal: patients who underwent prior polypectomies reported worse olfactory function and the number of polypectiomies correlated with the degree of smell impairment, but no such a relationship was observed in case of prior endoscopic sinus surgery procedures.
We noted no statistically significant relationship between the preoperative acuity of smell and gender, septal deviation, duration of symptoms, allergy or GERD.
Predictors of poor olfactor function despite surgery
The patients reported their olfactory function (I) 3-6 and (II) 12 months after surgery.
Predictors of impaired olfactory function in those groups of patients differed from the factors that influenced their smell before surgery (Table II) .
The preoperative presence of polyps had a negative impact on the sense of smell 3-6 months after surgery but at 12-month follow-up their preoperative presence was no longer a significant predictor of olfactory function ( Fig. 5 and Fig. 6 ). Similarly, surgery result did not depend on the preoperative findings in computed tomography, as there was no significant correlation with the Lund-Mackay score.
There was a close relationship between the patient's history and postoperative olfactory function 3-6 months after surgery. We noted a significant correlation between the smell impairment and duration of CRS symptoms before surgery artykuł oryginalny / original research article and number of prior surgical procedures. However, that relationship did not remain statistically significant at 12-month follow-up, possibly because of the limited number of patients in the latter group (see Table I ).
The preoperative severity of symptoms on VAS score did not correlate with the postoperative olfactory scores. However, the postoperative smell impairment was closely related to smell impairment reported before surgery. As before surgery, the subjective olfactory dysfunction was correlated with self-reported preoperative nasal congestion at both time points after surgery.
The histopathology of the sinus mucosa, which was a predictor of olfactory function before surgery, did not prove to correlate with smell impairment after ESS. However, 3-6 months after surgery there were less normosmic patients in the group with eosinophilic infiltrates than in the group with lymphocytic-plasmocytic infiltrates.
Factors that determined olfactory function both before and after surgery included age and concomitant asthma or aspirin intolerance. As before surgery, gender, septal deviation, allergy or GERD had no influence on the olfactory function at any time point after surgery.
It must be noted that the lack of statistical significance of certain tests for the group who completed 12-month follow-up may be caused by a very small number of patients presenting with the predictors under consideration (see Table I ).
Predictors of improvement or deterioration of olfaction after surgery
In our opinion, reporting improvement or deterioration of olfaction to assess the results of ESS is less relevant than the analysis of the postoperative olfactory function described above. Judging the result of surgery by the degree of symptomatic improvement is misleading, because such an approach mixes cases where surgery failed to improve olfactory function with normosmic patients who obviously could not expect any further improvement of olfaction after surgery. Similarly, lack of deterioration does not mean success, because in patients with anosmia no further deterioration is possible. They are counted as cases "without deterioration" although in fact they represent a failure of treatment.
Nevertheless, we decided to analyze our results in terms of improvement or deterioration of olfactory function, because many authors choose this method of outcome reporting. The reader will be able to compare these analyses with the ones described above and notice how the significance of some predictors may be missed by such an approach.
The changes in olfactory function were evaluated 3-6 months after surgery and 12 months after surgery (see Fig. 7 and Fig. 8 ).
The most important predictors of olfactory improvement after ESS included: the preoperative size of polyps, the preoperative Lund-Mackay score, the preoperative nasal congestion and the preoperative olfactory dysfunction. It reflects the obvious fact that the worse was the sense of smell before surgery, the greater improvement was possible. Anosmic patients with severe polyposis and sinus opacification had a artykuł oryginalny / original research article good chance to improve their scores by up to 3 points, while it was not possible to achieve any improvement in normosmic patients. Apart from this finding, only patients with asthma reported better improvement 12 months after surgery than non-asthmatic patients. No other factors correlated significantly with olfactory improvement after ESS.
As smell score deterioration indicates an obvious failure of surgery in terms of olfactory function, it would be important to find predictors of such an adverse event. However, the number of patients with olfactory deterioration after ESS in our material was very small. Therefore, we were unable to find reliable predictors. Only lower preoperative olfactory scores distinguished patients with deterioration from others, but this observation is rather self-explanatory, as patients with anosmia were unable to suffer any further reduction in their smell function. Surprisingly, at 3-6-month follow-up we found a statistically significant difference between patients with and without GERD (chi 2 with Yates' correction P=0.00378). This finding requires further research, but it is researchers agree the restoration of smell cannot be expected in every patient [3] [4] [5] and is in most cases incomplete -even if improvement is noted, the postoperative olfactory function in most subjects remains in the severe microsmic range [8, 14, 17] . This observation is similar to our findings as postoperative normosmia was noted in less than a half of the examined patients.
Some studies have suggested that the improvement of olfaction after ESS may not be permanent. Klimek et al. noted postoperative fluctuations of the olfactory function with best recovery approximately 3 months after surgery but after 6 months the patients' olfaction deteriorated again [18] . On the contrary, Litvack et al. noted that the improvement was sustained at 12-month follow-up [19] and in a study by Perry et al. the results improved gradually with time [7] . In our study, no likely to be incidental, as GERD had no significant influence on the deterioration of smell 12 months after surgery and it did not prove to be an important predictor of the olfactory function in any of the previous analyses.
DISCUSSION
Effects of ESS on olfaction
ESS is widely appreciated as an effective treatment for most CRS symptoms. Regarding the sense of smell, most studies confirm significant postoperative improvement in the majority of patients [3, 5, 6, 8, 16] . Our study confirmed a statistically significant positive change in olfaction after sinus surgery. However, most artykuł oryginalny / original research article and nasal steroids. Currently, as the effectiveness of steroids in chronic rhinosinusitis is well established [1] , their use becomes almost mandatory and very few researchers decide to evaluate the effectiveness of surgery without consequent medication [20] . As there is no uniform scheme of postoperative medication, the differences in pharmacotherapy may also induce variability in final olfactory scores reported in various studies.
On average, most patients benefit from surgery but in some individuals the smell impairment may worsen after ESS. Excellent results were reported by Klimek et al. who noted that 3 months after surgery 86% patients declared subjective improvement and only 3% reported worsening while one year after surgery 97% reported improvement and 1% worsening [7] . Delank et al. observed 70% improvement and 10% deterioration [4, 21] , while in a differences were noted between the groups examined 3-6 and 12 months after surgery, but this observation is not entirely reliable as the groups did not comprise the same individuals.
The results of ESS reported in terms of improvement or deterioration of olfaction vary between studies. The differences may be caused by: (1) different methods of smell examination (subjective or objective), (2) different time of examination (typically 3-12 months postoperatively), (3) differences between studied groups of patients.
It is important to note that the olfactory changes reported in most studies including our own cannot be attributed to surgery alone, because in the course of follow-up the patients typically receive supplementary medical treatment including oral artykuł oryginalny / original research article large study by Pade et al. only 23% of patients had better results after ESS than before it, no change was seen in 68%, and decreased function in 9% of the patients [20] . Our results are in the same range as those reported above, as improvement was noted in about half of the patients and deterioration was infrequent.
The results of various studies may be equivocal because of a wide variety of factors that influence the final surgery outcome. Differences between study groups will inevitably cause variations in the olfactory results after ESS. For example, Litvack et al. noted significant differences depending on the preoperative olfactory status: in the group of anosmic patients 73% improved and 10% worsened, while in the group of hyposmic patients, only 27% improved and 20% worsened [19] . It should be noted that objective methods applied in this study enabled precise rating of the olfactory function, therefore it was possible to observe deterioration even in anosmic patients, which was not the case in our study. The factors that influence the outcome are discussed in detail below.
It is noteworthy that the patients who remain hyposmic or anosmic after surgery may present with clinically well-healed ethmoid surgical beds [6] . This finding supports the theory that olfactory dysfunction in CRS cannot be attributed only to anatomical abnormalities and nasal congestion (oedema, polyps or crusts), but its nature is to some extent sensorineural. Worsened acuity of smell after nasal surgery in some individuals may be caused by injury to the olfactory neuroepithelium [17] .
Predictors of poor olfactory function in patients with CRS
Data regarding the influence of various predictors on the olfactory function in CRS is conflicting. Below we present a short review of literature regarding this subject and compare other authors' experience with our results.
Nasal polyps
Most authors agree that nasal polyposis is related to hyposmia and anosmia in CRS and it is one of the most important predictors of olfactory dysfunction [2, 4, 7, 16, 19, 20, 22, 23] . The severity of smell impairment depends on the size of polyps [24] . Few researchers deny this hypothesis [14] . The smell impairment associated with polyposis may not only be conductive, but can also be caused by recurrent infections, scarring and long-term medication [2] .
Surgery is a very effective treatment option for patients with nasal polyps [7] . They may even experience more pronounced improvement of the sense of smell than other patients [16, 19, 20] . However, it must be noted that on average the patients who had polyps before surgery have worse postoperative olfactory dysfunction scores than patients without polyps [7] . The presence of polyps may also be a predictor of transitory, unstable improvement. Oka et al. found that patients with eosinophilic CRS (defined in Japan as olfactory disorder with bilateral CRS with nasal polyps, peripheral blood eosinophilia >7.0%, and ethmoid sinus dominant opacification) experienced postoperative olfactory improvement comparable to other patients, but it diminished significantly 12 months after surgery, while in patients without polyps the result was more permanent.
Our study showed that the preoperative olfactory dysfunction is not only associated with the presence of nasal polyps, but it also correlates with their size. The preoperative size of polyps was also a good predictor of improvement after ESS, as patients with bigger polyps experienced better improvement. The acuity of smell after surgery at 3-6 month follow-up was worse in individuals with polyps, but no longer depended on their size. These findings support the thesis that patients with massive polyps and olfactory impairment refractory to medical treatment should be counseled to choose ESS as an effective treatment option.
CT findings
The extent of pathological changes in the sinuses determined by computed tomography correlates with preoperative subjective olfactory scores [7, 14] and preoperative objective measures of olfaction [5, 16, 19] . Downey et al. noted that the CT findings and disease extending beyond the ethmoids was typically associated with persistent anosmia [6] . In our study, a high Lund--Mackay CT score was a predictor of poor olfactory function before surgery and of good postoperative improvement, but it did not influence the final outcome of surgery. Extensive mucosal changes in the nasal cavity and the sinuses play an important role in the pathogenesis of olfactory dysfunction but they do not imply an unfavorable prognosis.
Age
In general population, a significant loss of olfactory function occurs after the age of 65 years, with more than three-quarters of persons above 80 years of age experiencing such a loss [8] .
In experimental studies, increased pro-apoptotic gene expression in the olfactory mucosa and increased olfactory receptor neuron cell death was observed in older rats [25] . In accordance with these findings, many authors observed worse olfactory function in elderly patients with CRS [2, 19, 26] . However, in some studies, age was not a significant predictor of olfaction after ESS [16, 19, 20] . In our study, age correlated with olfactory function before surgery and in both groups after surgery.
artykuł oryginalny / original research article that affects both the upper and lower airway ("united airway disease") [1] . The negative impact of concomitant asthma on the sense of smell in CRS was described by many authors [2, 16, 19] and it was confirmed in our study. It was shown that asthmatics improve after surgery, but their olfactory scores are higher compared to non-asthmatics at 1 year after surgery [7] . In other studies there was no difference in postoperative smell function between patients with and without asthma [16] . The results of our study concerning the influence of asthma on olfactory function after ESS are equivocal. We observed worse smell in asthmatic patients at 3-6-month follow-up, but not at 12-month follow-up. Twelve months after surgery, subjects with asthma improved their smell even better than individuals without asthma.
Aspirin intolerance
The results of research concerning aspirin intolerance in CRS show that its influence on the sense of smell is similar to polyposis or tissue eosinophilia. These conditions frequently coexist with aspirin intolerance, so some authors state that aspirin intolerance should not necessarily be considered as an independent predictor [15] . Aspirin-intolerant patients have lower olfactory scores before surgery [19] (in some studies only in patients with nasal polyposis [20] ) and may expect better postoperative improvement [16] . In our study, aspirin intolerance clearly predicted poor olfactory function both before and after ESS.
Allergy
Data concerning the role of allergy in CRS is particularly conflicting. In a study by Cowart et al. allergy patients had significantly higher detection thresholds for the tested odorant than did the controls [28] . The olfactory function in allergic subjects is likely to be fluctuating [29] and the sense of smell may worsen after allergen challenge [8] . However, in most studies, including our own, allergy did not prove to be an important predictor of olfactory function in CRS subjects either before [2, 20] or after sinus surgery [19, 20] . In a study by Simola the nonallergic rhinitis patients' sense of smell was found to be even poorer than that of the patients with seasonal or perennial allergic rhinitis [26] . Recently, similar results were reported by Olson et al. [30] .
Septal deviation
The influence of septal deviation and other anatomical abnormalities such as turbinate hypertrophy on the sense of smell is uncertain. There is conflicting evidence concerning the subject whether and how septal and turbinate deformations or surgery may influence olfaction [17, 31] . Some studies showed improvement of olfaction after septoplasty [20] while other did However, indeed it did not influence the outcome described in terms of the degree of smell improvement or deterioration.
Gender
Women are believed to identify odors better than men. This superiority was shown to be noticeable as early as at 4 years of age. Moreover, women may retain good smell acuity longer than men [8] . In some studies concerning patients with CRS, men had worse subjective preoperative smell scores than women [7] , but most authors found no correlation between gender and olfactory function in CRS [2, 26] . The majority of studies did not prove the influence of gender on the outcome of surgery in relation to the sense of smell [19] . Few researchers observed minor differences in olfaction between men and women after ESS. Pade et al. reported that females had a higher likelihood for postoperative improvement, but only in the group of patients without polyposis [20] . Minovi et al. reported a significantly higher benefit in terms of olfactory function after Draf III frontal sinus surgery in women [16] . However, in their study the olfactory test consisted in selecting a verbal descriptor of the presented odor and the authors suggested that women are more interested in odors and after surgery they might remember the odors presented before surgery better than men. In our research we found no differences in olfaction between men and women in any of the study groups.
Histopathological findings
In a study by Soler et al., the mean mucosal eosinophil count was higher in CRS patients with hyposmia and anosmia but after controlling for nasal polyposis, histologic variables were not associated with postoperative improvement in olfaction [27] . Pade et al. found that preoperative olfactory function decreased with the degree of eosinophilia but after surgery patients with eosinophilia exhibited a stronger increase of olfactory function [20] . These findings are similar to our observations that before surgery patients with eosinophilic infiltrates in the sinonasal mucosa report worse smell scores than subjects with lymphocytic and plasmocytic infiltrates. We noted no statistically significant influence of histopathological variables on the postoperative improvement of olfaction, but 3-6 months after surgery patients with eosinophilic infiltrates were less likely to be normosmic. It seems that the impact of sinonasal tissue eosinophilia on smell is similar to the influence of nasal polyposis, with which it is strongly correlated.
Asthma
The relationship between CRS and asthma is widely recognized as their co-occurrence is described as an inflammatory process artykuł oryginalny / original research article dance with our results. We noted worse preoperative olfaction scores in patients who underwent prior polypectomies (but not ESS) and the number of prior surgical procedures correlated with smell impairment at 3-6-month follow-up. The olfactory dysfunction after multiple surgeries can be explained by possible repeated injuries to the neuroepithelium, but the loss of smell may as well be attributed to other factors that worsen olfaction and at the same time increase the risk of disease recurrence and need for reoperation.
Smoking
History of smoking was a factor that was not taken into account in our research as most patients in the study groups reported that they did not smoke. Nevertheless, the relationship between smoking and smell acuity is well documented. Smokers are more likely to have olfactory dysfunctions than non--smokers, The adverse effects on the ability to smell are reversible but recovery can take years, depending on the amount and duration of prior smoking [8, 33] . In patients with CRS, the influence of smoking on the olfactory function was noted in some studies [2] and denied in others [26] . Eventually, the influence of smoking on the results of ESS in terms of olfaction is not established.
CONCLUSIONS
Endoscopic sinus surgery is an effective treatment of smell impairment in patients with CRS. However, olfactory improvement may not be complete due to the complex pathogenesis of olfactory dysfunction, including conductive and sensorineural mechanisms. The patients have to be informed that their sense of smell may not be improved by surgery and in about 10% of subjects it may even worsen. Patients with severe smell impairment and most extensive pathological changes in the nose and sinuses, including massive nasal polyps, are likely to be most satisfied with the improvement after ESS. Nevertheless, severely hyposmic subjects with nasal polyposis, concomitant asthma or aspirin intolerance as well as elderly patients should not be expected to achieve final olfactory scores comparable to patients without these risk factors.
not support that observation [14] . Some authors believe that sniffing against increased resistance could even lead to better odorant transduction [29] . Indeed, Litvack et. al found that septal deviation was more common in patients with normal olfactory function than in hyposmic or anosmic subjects. Our study does not confirm any of these contradictory theories as we observed no difference between patients with and without a deviated septum.
Severity and duration of symptoms
Pade at al. found that patients who showed postoperative olfactory loss had worse ratings of preoperative olfactory function [20] . Litvack et al. observed that better improvement of olfaction can be expected in patients who presented with worse olfactory function before surgery. Our study showed that olfactory function after surgery correlated with smell scores noted before surgery. It means that subjects with good acuity of smell at baseline can expect better results after surgery. However, anosmic patients naturally have a chance to benefit most as they have "more to gain".
In our study, smell impairment correlated with self-reported nasal congestion both before and after surgery. It may suggest either an important conductive component of olfactory dysfunction or a close relation between the perception of smell and the subjective perception of nasal air flow.
In most studies the duration of CRS symptoms was not correlated with the degree of olfactory loss [32] or postoperative olfactory improvement [5] . On the contrary, in our research patients with a longer history of rhinosinusitis presented with worse olfactory scores at 3-6-month follow-up.
History of prior surgery
In terms of preoperative olfactory scores, prior polypectomies and ESS procedures were found to be correlated with impaired sense of smell [26] , but they might not have been independent predictors as it was rather the presence of nasal polyposis that was associated with olfactory dysfunction [2] . Prior sinus surgery procedures were not associated with worse olfaction after ESS in other studies either [16, 19] . These findings are in discor-
